Differential effects of fentanyl and morphine on intracellular Ca2+ transients and contraction in rat ventricular myocytes.
Our objective was to elucidate the direct effects of fentanyl and morphine on cardiac excitation-contraction coupling using individual, field-stimulated rat ventricular myocytes. Freshly isolated myocytes were loaded with fura-2 and field stimulated (0.3 Hz) at 28 degrees C. Amplitude and timing of intracellular Ca2+ concentration (at a 340:380 ratio) and myocyte shortening (video edge detection) were monitored simultaneously in individual cells. Real time Ca2+ uptake into isolated sarcoplasmic reticulum vesicles was measured using fura-2 free acid in the extravesicular compartment. The authors studied 120 cells from 30 rat hearts. Fentanyl (30-1,000 nM) caused dose-dependent decreases in peak intracellular Ca2+ concentration and shortening, whereas morphine (3-100 microM) decreased shortening without a concomitant decrease in the Ca2+ transient. Fentanyl prolonged the time to peak and to 50% recovery for shortening and the Ca2+ transient, whereas morphine only prolonged the timing parameters for shortening. Morphine (100 microM), but not fentanyl (1 microM), decreased the amount of Ca2+ released from intracellular stores in response to caffeine in intact cells, and it inhibited the rate of Ca2+ uptake in isolated sarcoplasmic reticulum vesicles. Fentanyl and morphine both caused a downward shift in the dose-response curve to extracellular Ca2+ for shortening, with no concomitant effect on the Ca2+ transient. Fentanyl and morphine directly depress cardiac excitation-contraction coupling at the cellular level. Fentanyl depresses myocardial contractility by decreasing the availability of intracellular Ca2+ and myofilament Ca2+ sensitivity. In contrast, morphine depresses myocardial contractility primarily by decreasing myofilament Ca2+ sensitivity.